Thirty-seven Brucella reference and field strains representing all the species and their biovars were analysed by PCR-RFLP to determine the degree of variation in the genes encoding the new members of group 3 outer membrane protein (Omp) family. Analysis of the omp22 and omp25c/omp25d genes indicated that the restriction patterns were identical for all species and biovars with all restriction enzymes tested, except for Brucella ovis that showed a short 30 bp deletion close to omp22 gene, and for B. abortus biovar 6 and B. ovis that lacked a DdeI site and a HinfI site, respectively, in the omp25c/omp25d genes. Analysis of PCR products of the omp31b gene digested with 20 restriction enzymes revealed that this gene has a greater level of DNA polymorphism than the other genes encoding the new members of group 3 Omp family. A deletion of 232 bp was detected in fourteen B melitensis strains from different hosts and from different geographic origins, confirming that this feature is indeed a hallmark of B. melitensis. PCR-RFLP analysis of omp31b with DdeI allowed us to identify species-specific markers for B. abortus, B. melitensis, and B. ovis. Finally, by PCR analysis, Southern blot hybridization and DNA sequencing we showed that a large deletion of 15 kb, comprising the entire omp25b gene and 21 more genes, is present in all B. ovis strains, thus confirming previous observations from other authors.
Introduction
The genus Brucella consists of six species, designated on the basis of differences in pathogenicity and host preference as Brucella melitensis (goats and sheep), B. abortus (cattle and bison), B. suis (infecting primarily swine, but also hares, rodents and reindeer), B. ovis (sheep), B. canis (dogs) and B. neotomae (wood rats) [1] . The discovery of Brucella bacteria in marine mammals has led to the proposal of two additional species: B. cetaceae, infecting cetaceans, and B. pinnipediae, infecting pinnipeds [2] . By an analysis of approximately 25 phenotypic characteristics, including serological typing for lipopolysaccharide, phage typing, sensitivity to dyes, requirement for CO 2 , H 2 S production and metabolic properties, the genus Brucella can be classified in species and biovars [3] . However, some problems are associated with these tests. Thus, it takes more than one week to culture the bacteria and complete the typing, the tests require skilled technicians, and handling of the microorganism represents a high risk for laboratory personnel since most Brucella strains are highly pathogenic [4] . In an attempt to overcome these difficulties, several techniques have been employed in order to identify DNA polymorphisms that would enable molecular typing of Brucella (reviewed by Vizcaíno et al. [5] ). In this regard, studies of the restriction fragment length polymorphisms (RFLP) of genes coding for the outer membrane proteins Omp2a and Omp2b (known as group 2 Omps with 36-38 kDa), and Omp25 and Omp31 (known as group 3 Omps with 25-31 kDa) have allowed the differentiation between the Brucella species and biovars [2, [6] [7] [8] . Specifically, PCR-RFLP analysis of omp25 revealed that B. melitensis strains lack a conserved Eco RV site and B. ovis strains have a 36 bp deletion at the 3 0 end of the gene [6] . In addition, a large DNA deletion leading to the loss of the entire omp31 gene has been shown to be present in all B. abortus strains, and PCR-RFLP of omp31 revealed specific markers for B. canis, B. ovis and B. suis biovar 2 [8] .
Analysis of the completed B. melitensis and B. suis genomes revealed the presence of five new genes homologous to omp25 and omp31, and indicated the existence of new members of the group 3 Omp family [9] . Salhi et al. [10] have classified these seven Omps in four subgroups based on their homology at the amino acid level: Omp25, Omp22, the Omp25b-Omp25c-Omp25d cluster, and the Omp31-Omp31b subgroup. It has been shown that all these new members of group 3 Omps are expressed in B. suis, B. abortus or B. melitensis [9] [10] [11] . In the present study, we have determined, by PCR-RFLP, the existence of DNA polymorphisms in the omp22, omp25b, omp25c, omp25d and omp31b genes of 37 Brucella reference and field strains, including representative strains of all the species and its biovars.
Materials and methods

Bacterial strains and growth conditions
The Brucella strains used in this study are listed in Table 1 . Cultures were grown on Trypticase Soy Agar 
Primer design and DNA sequence analysis
Oligonucleotide primers were designed to amplify the entire omp31b, omp25b, omp25c/omp25d and omp22 ORFs as well as their adjacent DNA regions (Table 2) . B. melitensis genomic DNA sequence information was obtained from the B. melitensis Genome Database [12] developed by the Molecular Biology Research Unit at the University of Namur, Belgium (http://serine.urbm.fundp.ac.be/~seqbruce/GENOMES/). Primers were designed with the Primer3 program [13] (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) and were synthesised by Sigma-Genosys Ltd. Restriction maps were obtained from http://tools.neb.com/NEBcutter2/index.php. DNA sequencing was performed by Sistemas Genó micos, Valencia, Spain.
PCR and RFLP analysis
Genomic DNA was extracted from pure cultures as described previously [14] . Briefly, cells were resuspended in 0.5 ml of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0), killed at 80°C for 15 min, and incubated at 37°C for 1 h with 0.5% sodium dodecyl sulfate and proteinase K (200 mg/ml). Cell wall debris, denatured proteins, and polysaccharides were removed by precipitation with 5 M NaCl and CTAB-NaCl solution and incubated at 65°C for 10 min. DNA was extracted by a standard protocol with phenol-chloroform-isoamyl alcohol, precipitated with isopropanol, washed with 70% ethanol and dried. The pellet of DNA was re-dissolved in 50-100 ll of sterile distilled water. PCR was performed in a 25 ll volume reaction containing a final concentration of 1· Immolase buffer (Bioline), 200 lM of each dNTP, 1 lM of each primer, 1 mM MgCl 2 , 0.5 U of Immolase DNA polymerase (Bioline) and 100 ng of genomic DNA. The amplification was performed in a GeneAmp PCR System 2700 (Perkin-Elmer). Cycling conditions were as follows: an initial denaturation step at 95°C for 7 min, followed by 30 cycles of 95°C for 35 s, 55-60°C (depending on the primers) for 45 s, and 72°C (60 s per each 1 kb of the amplicon). A final extension step was conducted at 72°C for 6 min. For RFLP analysis, each PCR product (5 ll) was digested by adding 1 U of the corresponding restriction enzyme (see Table 3 ) in a 25 ll reaction volume, following the manufacturerÕs recommendations (New England Biolabs Inc.). Both PCR products and restriction digests were separated by electrophoresis (120 V for 1 h) on agarose gels (0.8-2.5% agarose MS-8, Pronadisa) in TBE buffer (89 mM boric acid, 89 mM Tris-HCl, 2 mM EDTA, pH 8.0). Molecular mass marker 1 Kb plus DNA ladder (Invitrogen) was used as standard. The gels were stained with ethidium bromide and photographed on a UV transilluminator Gelprinter Plus (TDI, Madrid, Spain).
For PCR amplification of long DNA fragments a JumpStart REDAccuTaq DNA polymerase (SigmaAldrich) was used. Previously, genomic DNA was c Primers 25bF6 and 25bR6 were used to confirm the exact size of the DNA fragment absent in B. ovis. These primers amplify a fragment of about 17.7 kb using B. melitensis 16M DNA and a 2.6 kb fragment on B. ovis Reo 198, which was purified for sequencing. digested with the rare-cutter restriction enzyme XhoI (Promega). Primers (Table 2) were optimized to amplify long DNA sequences (28-30 bases long, 46-50% of GC content, and Tm of 69-71°C). PCR was performed in a 25 ll volume reaction with a final concentration of 1· REDAccuTaq buffer (Sigma-Aldrich), 500 lM of each dNTP, 1 lM of each primer, 1.25 U of JumpStart REDAccuTaq DNA polymerase (Sigma-Aldrich) and 100 ng of genomic DNA. Cycling conditions were as follows: an initial denaturation step at 96°C for 30 s, followed by 30 cycles of 94°C for 10 s, 68°C for 30 s, and 68°C for 4 min. A final extension step was carried out at 68°C for 4 min. Prior to DNA sequencing, the PCR product was purified using JETquick columns (Genomed GmbH).
Southern blot hybridisation
Southern blot hybridisation was performed according to standard techniques. Brucella DNA (2 lg) was digested with Eco RV and separated by electrophoresis on a 1% agarose gel, transferred onto a nylon membrane (Hybond-N + , Amersham Biosciences), and immobilised by exposure to UV light (70.000 lJ/cm 2 , Ultraviolet crosslinker, Amersham Biosciences). Hybridisation and detection reactions were performed using an omp25b fragment previously labelled with ECL Direct System kit (Amersham Biosciences), following the manufacturerÕs instructions.
Results and discussion
The omp22 and omp25c/omp25d genes were amplified with primers 22F-22R and 25cdF-25cdR, respectively (Table 2) , and then digested with several restriction enzymes (Table 3) . On the basis of their restriction patterns, a very low degree of DNA polymorphism was observed in the omp22 and omp25c/omp25d genes in all Brucella strains tested. Thus, only two patterns were observed in omp22 (Table 3) . One pattern was specific of B. ovis and was consistently obtained with DdeI and twelve other restriction enzymes. Comparison of this restriction pattern with that inferred from the genome sequence of B. melitensis [12, 15] , suggested that B. ovis has a short deletion of about 30 bp in length. However, since the P1  P1  P1  P1  P1  P1  P1  2  86/8/59  P1  P1  P1  P1  P1  P1  P1  P1  3  Tulya  P1  P1  P1  P1  P1  P1  P1  P1  4  89.57  P1  P1  P1  P1  P1  P1  P1  P1  5  B3196  P1  P1  P1  P1  P1  P1  P1  P1  6  88.21  P1  P1  P2  P1  P1  P1  P1  P1  9  C68  P1  P1  P1  P1  P1  P1  P1 e Due to a short deletion in the omp31b gene in B. melitensis strains, two patterns P1 and P2 were also obtained with the enzymes AluI, BamHI, BglI, BstXI, BsaJI, FokI, HindIII, Hpy 188I, KpnI, MboII, MmeI, NedI, RsaI, SalI, Sau 96I and XhoI.
f The DNA deletion of about 15 kb was also detected in B. ovis 63/290 Bow, PA, 2306 and 2206.
deletion is outside the ORF of omp22 gene, it might not affect the synthesis of this protein.
It was previously reported the existence of a high degree of DNA variation in the two closely related genes omp2a and omp2b (separated by 900 bp) within the Brucella genus [2, 7] . Although genes omp25c and omp25d are also closely related and are separated by only 257 bp, PCR-RFLP analysis of the fragment that includes both genes, using fourteen different restriction enzymes, revealed an identical restriction pattern in all Brucella strains, except for B. abortus biovar 6 which lacked a DdeI site, and B. ovis which lacked a HinfI site ( Table 3) .
The omp25b gene was amplified by PCR with primers 25bF1 and 25bR1. For this amplicon, and with the exception of B. ovis, all Brucella strains displayed the same RFLP pattern (with six restriction enzymes), whereas only B. neotomae showed a different restriction pattern with Hpy 188I (Table 3) . No amplification was obtained for B. ovis Reo198, suggesting that the omp25b gene is absent in this strain. This was verified by Southern blotting using an internal fragment of B. melitensis 16M omp25b gene as probe (not shown). Very recently Rajashekara et al. [16] , using a whole-genome comparison of Brucella species by microarray technology, and Vizcaíno et al. [19] by nucleotide sequencing, have reported a specific deletion of about 15 kb in B. ovis, which includes the omp25b gene. By PCR amplification with primers 25bF6 and 25bR6 and DNA sequencing, and by comparison with the published B. melitensis sequence [12] , we confirmed that this deletion in B. ovis corresponds to the region from nucleotide 1035526 (at the end of ORF BMEI0993) to nucleotide 1050580 (between BMEI1012 and BMEI1013) of the B. melitensis genome, as has also been shown by Vizcaíno et al. [19] . In addition, subsequent PCR analysis confirmed that this deletion is present in four B. ovis strains from different geographic origin (strains 63/290, PA, 2306 and 2206).
According to the annotated B. melitensis genome sequence, this large deletion in B. ovis also includes the wboA and wboB genes, which are known to be involved in the biosynthesis of the O-polysaccharide of the Brucella LPS [17] [18] [19] . In order to ascertain whether the rough phenotype displayed by B. canis (a natural rough species) as well as B. melitensis 115 and B. abortus 45/20 (rough mutant strains derived from smooth-LPS Brucella species) is caused by the absence of wboA and wboB, a PCR assay was performed using primers wboBF and wboAR. A fragment of 2.5 kb was obtained with the DNA of B. canis, B. melitensis 115 and B. abortus 45/20.
The omp31b gene was amplified by PCR with primers 31bF and 31bR, and 20 restriction enzymes were used to study the RFLP patterns of the amplified fragment (Table 3). A deletion of 232 bp was detected in the 5 0 end of omp31b in B. melitensis 16M. This short deletion is specific of B. melitensis species and was detected in the fourteen B. melitensis strains tested, including six biovar 1, four biovar 2 and four biovar 3, from different hosts and from different geographic origin (Table 2) . These results confirm that this feature is indeed a hallmark of B. melitensis [19] . In addition, our RFLP results show that the omp31b gene displays the highest degree of DNA polymorphism of all the genes encoding the new members of group 3 Omp family. Table 3 shows that a single PCR-RFLP analysis of the omp31b using DdeI can be used to distinguish Brucella species. Thus, Brucella species could be classified into four different groups: pattern 1 specific to B. abortus, pattern 2 specific to B. melitensis, pattern 3 specific to B. ovis, and pattern 4 characteristic of B. suis, B. canis, B. neotomae, B. pinnipediae and B. cetaceae.
As mentioned above, Vizcaíno et al. [19] have recently described the DNA polymorphism in the genes omp25/omp31 family of Brucella spp. The authors have determined the nucleotide sequence of genes omp31b, omp25b, omp25c, omp25d and omp22 in the six classical Brucella species and in representative strains of B. pinnipediae and B. cetaceae. They found that these genes are quite conserved in the genus Brucella and they reported the existence of few nucleotide differences in each Brucella species in comparison with the consensus sequence. However, only one strain of each species was analysed (with the exception of omp25b gene and B. cetaceae), and it cannot be excluded that these nucleotide differences (involving in some cases one or two nucleotides) were due to sequencing errors. Nevertheless, the observations described in the present study are in agreement with some of their results.
In summary, the most significant observations in the present study were: (i) the confirmation that the 15 kb DNA deletion that encompasses the omp25b and the wboA-wboB genes is a valuable species-specific marker for B. ovis; (ii) the detection of the short deletion (232 bp) in omp31b in all B. melitensis tested, confirming that it can be used as a species-specific marker; (iii) the finding that the omp31b gene shows the highest degree of DNA polymorphism; (iv) the very low degree of DNA polymorphism detected in omp22 and omp25c/ omp25d; and (v) the finding that B. ovis is the most distantly related species of the genus Brucella, confirming previous conclusions from other authors [16, 20] . Further studies are necessary to identify new species-specific DNA sequence variants that may facilitate the identification of Brucella strains.
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